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Claims: 

y Afrowfieldpl«e(T20or130)ibrafiielre^^^ ; — 

having a front side, for defining chambers with a complementaiy flow field 
plate (130 or 120) for si mem&rane electrude assembly (124), and a rear side, 
the flow field plate Including: 

at least two apertures (140, 141 or 136, 137) for a reactani gas 
for supply » said champers; 

on the front side thereof, reaciant gas flow channels (216 or 

236): 

for each of the apertures, an aperture exienston (210. 21 Oa or 
230, 230a) extending on the rear side of the flow field plate; and 

fbr each aperture, at least one slot (176. I78a or 180, 180a) 
extending through the flow field plate from the hacK side to the front side 
thereof, to provide communication hetween the corresponding aperture 
extension and the reaotani gas flow channeia. wherein the flow field plate 
includes sealing surfaces on the flront and rear sides, for forming a seal with 
adjacent elements of fiie! cell, wherein the sealing surface on the front side of 
the flow field plate includes, for each aperture, a first sealing surface portion 
enclosing the corresponding aperture and separating at least one slot from 
the corresponding aperture and on the rear side thereof, a second sealing 
surface portion enclosing together said at least one slot and the aperture, and 
Wherein each aperture extension Is provided with a plurality of projections, 
defining flow channels extending from the apertures to the slots, the 
projections pnsviding support for the respective first sealing surface, portion. 

2. A flow field plate as claimed In claim 1 , which includes, for each 
of the apenures, a plurality of slots. 

3. A flow field plate as claimed in claim 2, which includes: 
at least two second apertures for a second reactant gas; 



T-iaO P.D3B/a4B F-4Bfl 



FmPf.zeit: 11/07/2003 21:05 



CA 02447678 2003-11-14 



[printed; ^"%-^6d3 ' CAb200442. 

Jul-n-Z0(l3 19:08 Fron-BERESKIN & PARR 41B T-IBO P.03g/a4B F-4B9 



on the rear side thereof, for each second apenure. a second 
_aperture exiension and a plurality of second projections provided in tne 
second aperture extension, for abutting complementary projecl,ons of a 



second flow field plate fbrthe second reactant gas. 
4 A flow field plate as claimed in daim 3, whjcn includes, on the 

from thereof, for each second aperture a front sealing portion enclosing the 
corresponding second aperture and on the rear thereof, a second, rear 
sealing portion enclosing the corresponding second aperture and associated 
second aperture exiensibn. wherem the second from and rear sealing portions 
include sealing surface segments offset from one another. 
5, A flow field plate as claimed in claim 4, wherein each sealing 

surface portion comprises a groove for receiving a seal. 
8. A flow field plate as claimed in claim 4 or 5 which includes at 

least two third apertures for a coolant flow; on the rear side thereof, flow 
- channels pnividing flow paths between the third apertures for the coolant; and 
on the frt>nt thereof sealing portions enclosing the third apertures. 
7. A fuel cell assembly including at least one fuel cell, wherein 

each fuel cell comprises: 

first and second complementary flow field plates including a 
front Side and rear side, with the front surfaces facing one another and 
defining a fuel cell chamber 

a membrane electrode assembly and gas diffusion media 
provided within the fuel cell chamber. 

. at least two first apertures (140,141) in each flow field plate for a 
first reactant gas and at least two second apertures (136.137) in each flow 
field plate for a second reactant gas; 

wherein the first flow field plate (120) includes: first reactant gas 
flow Channels (216) on the front side thereof; first slots (178.178a) extending 
from the firet reactant gas flow channels to the rear s,de thereof; for each of 
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the first apertures mereof. on the rear side thereof, a first aperture extension 
(2lQ,2l0a), providing commumcatlQn between the first apertures thereof and 
said first slots; 

wherein the second flow field plate (130) includes; second 
reaciant gas flow channels (236) on the front side thereof, second slots (180, 
180a) extending from the second reaciant gas flow channels to the rear side 
thereof ftor each of ttie second apertures thereof, on the rear side thereof, a 
second aperture extension (230, 230a), providing communication between the 
second apertures thereof and said second slots; 

wherein the first flow field plate includes sealing surfaces on the 
front and rear sides, for fanning a seal with adjacent eiemenis of the fuel cell, 
wherein the sealing surface on ttie front side of the first flbw field plate 
includes, for each first aperture, a first sealing surface portion enclosing the 
corresponding first aperture and separating at least one first slot from the 
corresponding first aperture and on the rear side thereof, a second sealing 
surface portion enclosing together said at least one first slot and the 
corresponding first apertuie; 

wherein the second flow field plate includes sealing surfaces on 
the front and rear sides, lor forming a seal with adjacent element of the fuel 
cell, Wherein the sealing surface on the fhjnt side of the second flow field plate 
includes, for each second aperture, a first sealing surface portion enclosing 
the corresponding second aperture and separating at least one second slot 
from the corresponding second aperture and on the rear side thereof, a 
second sealing surface portion enclosing together said at least one second 
slot and the corresponding second aperture; and 

wherein each the first and second aperture extensions is 
provided with a plurality of prujeciions (21 2, 2l2a, 222, 222^, 232, 232a, 242, 
242a), defining flow channels extending from the apertures to the respecfive 
first and second slots. 
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8 A fuel cell assembly as claimed in claim 7. inclMding a pluraliiy of 

fuel cells, wherein, far adjacent fuel cells, me rear sides of the first and 
secar^^'flow field plates abut one another, and wherein the^etwnd field flow 
plates includes on the rear side thereof a piMralily of projeotions 
corresponding and abutting the first plate projections and defining flow 
Channels corresponding to the first aperture extensions, to increase the flow 
cross section between the first apertures and the first slots, and the first field 
flow plates includes on the rear side thereof a plurality of projections 
corresponding and abutting the second plate projecOons and defining flow 
channels corresponding to the second aperture extensions, to increase me 
flow cross section between the second apertures and the second slols. 



9, A fuel cell assembly as claimed in claim 8. wherein the first and 

second flow field plates are substantially rectangular and, for each flow field 
plate, the at least two first apertures are provided on diagonally opposite 
corners, and the second apertures are provided on the other diagonally 



10. A flow field plate (1 20 or 130) for a fuel cell, the flow field plate 

having a front side, lor defining chambers with a complementary flow field 
plate (130 or 120) ibr a membrane electrode assembly (124). and a rear side, 
the flow field plate including: 

at least two apertures (140. 141 or 136, 137) Ibr a reactant gas 
{tor supply to said chambers; 

on the. front side thereof, reactant gas flow channels (216 or 

236): 

for each of the apertures, an aperture extension (210. 210a oir 
230, 230a) extending on the rear side of the flow field plate; and 
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for egch aperture, ^ pluraliiy of slots (178, l7Ba or 180, 180a) 
extending through the flow field plate firam the t>ecK side to the ftont side 
thereof , wherein eachof thS plurality of slot provides communication between" 
the corresponding aperture extension and reactant gas flow channels. 
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Title: Flow Field Plate For A Fuel Cell And Fuel Cell Assembly 
Incorporating The Flow Field Plate 

FiFinOFTHE INVENTION 
5 [0001] This invention relates to fuel cells, to a flow field plate for a fuel 
cell and to a fuel cell assembly incorporating the flow field plate. This 
invention more particularly is concerned with an apparatus and a method of 
sealing a stack between different flow field plates and other elements of a 
conventional fuel cell or fuel stack assembly, to prevent leakage of gases and 
10 liquids required for operation of the individual gases and to feed the reactant 
into the active areas of the stack of fuel cells. 
RACKGROUND OF THE INVENTION 

[0002] There are various known types of fuel cells. One form of fuel 
cell that Is currently believed to be practical for usage in many applications is 
15 a fuel cell employing a proton exchange membrane (PEM). A PEM fuel cell 
enables a simple, compact fuel cell to be designed, which is robust, which can 
be operated at temperatures not too different from ambient temperatures and 
which does not have complex requirements with respect to fuel, oxidant and 
coolant supplies. 

20 [0003] Conventional fuel cells generate relative low voltages. In order 
to provide a useable amount of power, fuel cells are commonly configured into 
fuel cell stacks, which typically may have 10, 20, 30 or even 100's of fuel cells 
in a single stack. While this does provide a single unit capable of generating 
useful amounts of power at usable voltages, the design can be quite complex 

25 and can include numerous elements, all of which must be carefully 
assembled. 

[0004] For example, a conventional PEM fuel cell requires two flow field 
plates, an anode flow field plate and a cathode flow field plate. A membrane 
electrode assembly (MEA), including the actual proton exchange membrane 
30 is provided between the two plates. Additionally, a gas diffu'sion media (GDM) 
is provided, sandwiched between each flow field plate and the proton 
exchange membrane. The gas diffusion media enables diffusion of the 
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appropriate gas, either the fuel or oxidant, to the surface of the proton 
exchange membrane, and at the same time provides for conduction of 
electricity between the associated flow field plate and the PEM. 

[0005] This basic cell structure itself requires two seals, each seal 
5 being provided between one of the flow field plates and the PEM. Moreover, 
these seals have to be of a relatively complex configuration. In particular, as 
detailed below, the flow field plates, for use in the fuel ceil stack, have to 
provide a number of functions and a complex sealing arrangement is required. 
[0006] For a fuel cell stacl<, the flow field plates typically provide 

10 apertures or openings at either end, so that a stack of flow field plates then 
define elongate channels extending perpendicularly to the flow field plates. 
As a fuel cell requires flows of a fuel, an oxidant and a coolant, this typically 
requires three pairs of ports or six ports in total. This is because it is 
necessary for the fuel and the oxidant to flow through each fuel cell. A 

15 continuous flow through ensures that, while most of the fuel or oxidant as the 
case may be is consumed, any contaminants are continually flushed through 
the fuel cell. 

[0007] The foregoing assumes that the fuel cell would be a compact 
type of configuration provided with water or the like as a coolant. There are 
20 known stack configurations, which use air as a coolant, either relying on 
natural convection or by forced convection. Such cell stacks typically provide 
open channels through the stacks for the coolant, and the sealing 
requirements are lessened. Commonly, it is then only necessary to provide 
sealed supply channels for the oxidant and the fuel. 

25 [0008] Consequently, each flow field plate typically has three apertures 
at each end, each aperture representing either an inlet or outlet for one of 
fuel, oxidant and coolant. In a completed fuel cell stack, these apertures align, 
to form distribution channels extending through the entire fuel cell stack. It will 
thus be appreciated that the sealing requirements are complex and difficult to 

30 meet. However, it is possible to have multiple inlets and outlets to the fuel cell 
for each fluid depending on the stack/cell design. For example, some fuel 
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cells have 2 inlet ports for each of the anode, cathode and coolant, 2 outlet 
ports for the coolant and only 1 outlet port for each of the cathode and anode. 
However, any combination can be envisioned. 

[0009] For the coolant, this commonly flows across the back of each 

5 fuel cell, so as to flow between adjacent, individual fuel cells. This is not 
essential however and, as a result, many fuel cell stack designs have cooling 
channels only at every 2nd, 3rd or 4th (etc.) plate. This allows for a more 
compact stack (thinner plates) but may provide less than satisfactory cooling. 
This provides the requirement for another seal, namely a seal between each 

10 adjacent pair of individual fuel cells. Thus, in a completed fuel cell stack, each 
individual fuel cell will require two seals just to seal the membrane exchange 
assembly to the two flow field plates. A fuel cell stack with 30 individual fuel 
cells will require 60 seals just for this purpose. Additionally, as noted, a seal 
is required between each adjacent pair of fuel cells and end seals to current 

15 collectors. For a 30 cell stack, this requires an additional 31 seals, thus, a 30 
cell stack would require a total of 91 seals (excluding seals for the bus bars, 
current collectors and endplates), and each of these would be of a complex 
and elaborate construction. With the additional gaskets required for the bus 
bars, insulator plates and endplates the number reaches 100 seals, of various 

20 configurations, in a single 30 cell stack. 

[0010] Commonly the seals are formed by providing channels or 
grooves in the flow field plates, and then providing prefabricated gaskets in 
these channels or grooves to effect a seal. In known manner, the gaskets 
(and/or seal materials) are specifically polymerized and formulated to resist 

25 degradation from contact with the various materials of construction In the fuel 
cell, various gasses and coolants which can be aqueous, organic and 
inorganic fluids used for heat transfer. Reference to a resilient seal here 
refers typically to a floppy gasket seal molded separately from the individual 
elements of the fuel cells by known methods such as injection, transfer or 

30 compression molding of elastomers. By known methods, such as insert 
injection molding, a resilient seal can be fabricated on a plate, and clearly 
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assembly of the unit can then be simpler, but forming such a seal can be 
difficult and expensive due to inherent processing variables such as mold 
wear, tolerances in fabricated plates and material changes. In addition 
custom made tooling is required for each seal and plate design. 

5 [0011] A fuel cell stack, after assembly, Is commonly clamped to secure 
the elements and ensure that adequate compression is applied to the seals 
and active area of the fuel cell stack. This method ensures that the contact 
resistance is minimized and the electrical resistance of the cells is at a 
minimum. To this end, a fuel cell stack typically has two substantial end 

10 plates, which are configured to be sufficiently rigid so that their deflection 
under pressure is within acceptable tolerances. The fuel cell also typically 
has current bus bars to collect and concentrate the current from the fuel cell to 
a small pick up point and the current Is then transferred to the load via 
conductors. Insulation plates may also be used to isolate, both thermally and 

15 electrically, the current bus bars and endplates from each other. A plurality of 
elongated rods, bolts and the like are then provided between the pairs of 
plates, so that the fuel cell stack between the plates, tension rods can be 
clamped together. Rivets, straps, piano wire, metal plates and other 
mechanisms can also be used to clamp the stack together. To assemble the 

20 stack, the rods are provided extending through one of the plates, an insulator 
plate and then, a bus bar (including seals) are placed on top of the endplate, 
and the individual elements of the fuel cell are then built up within the space 
defined by the rods or defined by some other positioning tool. This typically 
requires, for each fuel cell, the following steps: 



25 (a) placing a seal to separate the fuel cell from the preceding fuel 

cell; 

(b) locating a flow field plate on the seal; 

(c) locating a seal on the first fiow field plate; 

(d) placing a GDM within the seal on the flow field plate; 

30 (e) locating a membrane electrode assembly (MEA) on the seal; 
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(g) preparing 9 further flow field plat© with a seal and placing this on 
top of the membrane exchange assembly, while ensuring seal of the 
second plate talis around the second GDM; 

(h) this second or upper flow field plate then showing a groove for 
5 receiving a seal, as in step (a). 

[001^ This process needs to he repeated until the last cell is 1brmec| 
and It is then topped off with a bus bar, insulator plate and the final end plate. 

[0013] A problem in many fuel cell designs is that each flow field plate, 
necessarily, must have a network of flpw field channels in communication with 

10 supply apertures defining the drstribution channels for the appropriate fluid. 
Almost always. fUel cells are designed to provide flow through of reaction 
gases, to prevent build-up of impurities. Thus, for ttie reaction gases and 
coolant, each networK of flow field channels is connected to at least two 
apertures or ports. Yet, at the same time, many designs require a seal to be 

15 provided between each flow field plate and the MEA, enclosing the MEA, and 
most imponantly, providing a seal between the active area of the MEA and 
the apertures or ports. This requires a seal or gasKet to pass over the How 
field channel or connection portions providing & connection between ihe_ 
supply apertures and the main central or active portion of the flow field 

20 channels. 

[0014] For any one reaction gas it is conceivable to provide a gasKet 
completely enclosing all of the flow field channels and the supply apertures on 
the corresponding, first flow field plate. This will enable a good seal to be 
fomied between that flow field plate and the MEA. However, on the other side 

25 of the MEA, it is necessary to provide a gasKet completely encircling the 
aperture in a second flow field plate, for the reaction gas supplied to the first 
flow field plate. In this configuration, part of the membrane would lie over 
open channels on the first flow field plate, and hence not be properly 
supported, thereby running the risK of there being inadequate sealing, 

30 resulting in a mbdng of gases, which as is known is highly undesirable. 

[0019] The other alternative is to provide a gasket on the first flow field 
pigte that crosses oyer the grooves or channels. This then provides some 
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support for the MEA, which is then samdwiched between the two similarly 
configured gaskets. However, where the gasket crosses over the open 

"Channels on the first flow lieia plate, the gasKet wiir hot tie properly supported, 

which can cause two prohlems. Firstly, lack of support for the gasket may 
5 result in improper sealing to the MEA, Secondly, the gasket may tehd to 
protrude dowri into the flow channels, impeding flow of the gas. 
[0016] Many older designs did not address this prohlem and simply 
assumed that any unwanted deflection of a gasket into a flaw field channels 
would not cause significant difficulties. Conseqijently, the gasket once 
10 compressed coqid collapse into the connection portions of 0ie channels, at 
. least parb'ally blocking the channels, and as noted, simultaneously there may 
be an adequate pressure applied lo the MEA, causing failure of the seal on 
one side of the MEA or the other. 

[0017] This problem has been identified and addressed in U.S. Patent 

15 No. 6,017,648. This notes that an older technique, greatly complicating the 
rnanufacture of flow field plates, requires the drilling of individual Swres from 
the supply apeitures to me mam portion of the flow field channefe. effectively 
ensuring that the connection diannel portions are enclosed. Ttiis U.S. patent 
proposes an alternative technique; the flow field channels- are entirely open, 

20 but bridge pieces are provided to enclose Hie connection channel portions 
and it thereby pn)vides support for the gaskets. This technique is still 
complex, increases the number of parts, making fuB\ cell stack a^mbly even 
more complesi;, and there is the problem of ensuring that all ttie bridge pieces 
are properly locatod during assembly and remain in location after assembly. 

25 Additionally, if inadequate tolerances are maintained on the various 
componenls, the bridge pieces may not be totally flush with the top of the flow 
field plate, again leading to improper sealing of the gasket, or excess local 
pressure leading to damage of the flow field plate. Also, the assignee of the 
pr^ent invenHon had previously developed a similar an^ngement. providing 

30 iiridge" pieces, to prevent gaskets collapsing into flow channels. 

[0018] Thus, it. will be appreciated that assembling a conventional fuel 
cell stack is difficult, lime consuming, and can often lead to sealing lailures. 
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I0019J For all these reasons, manufacture and assembly of 
conventional fMel cells is Ume consuming and expensive. More parficqlarly. 
"present ^semwy techniques are entirely unsuited to large^scaierproducfion of 
fiiel cells on a producGon line basis. 
5 SUMMARY OF THE INVENTION 

[OPZO] In accordance with the present invention, there is provided a 
flow field plate for a fuel cell, the flow field plate having a front side, for 
defining a chamber with a complementary flow field plate for a membrane 
electrode assembly, and a rear side, the flow field plate including: 
10 [0021] at least two apertures far a reactant gas for supply to said 
chambers; 

[0022] on the front side Uiereof. reactant gas flow channel^ 
[002^ for each of the apertures, an aperture extension extending on 
the rear side of the flow field plate; 
15 |!00241 for each aperture, at least one slot extending through the flow 
field plate from the back side to the front side thereof, to provide 
communication between the corresponding aperture extension and the 
reactant action gas flow channels. 

[0025] In acconjance with- another aspect of the present invention, 
20 there is provided a fuel cell assembly including at least one fuel cell, wherein 
each fuel cell comprises: 

[0026] first and second complementgry flow field plates Including a 
front sides and rear side, with the front surfaces feeing one another and 

defining a fuel cell chamben 
25 [0027] a membrane electrode assembly and gas diffusion media 
provided within the fuel cell chamber; 

[0028] at least two first apertures m each flow field plate for a first 
reactant gas and at least two second apertures in each flow field plate for a 
second reactant gas: 
30 [0029] wherein the first flow field plate includes: first reactant gas flow 
channels on me front side thereof, first slots extending from the first reactant 
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gas flow channels to the rear side thereof; for each of the first apertures 
thereof, on the rear side thereof, a first apertyre exTension. providing 
communication Detweenthe first thereof and said first slotsrand 

[0030] wherein the second flow field plate includes: second reaciant 

5 gas flow channels on the front side thereof; second slots extending lirom the 
second reaciant gas flow channels to the rear side thereof; for each of the 
second apertures thereof, on the rear side thereof, a second aperture 
extension, providing communication between the second apertures thereof 
and said second slots. 

TO BRIEF DESCRI PTION OF THE DRAWINGS 

[0031] For a better understanding of the present invention and to show 
- more clearly how it may t»e canied into effect, reference will now oe made, by 
way of example, to the accompanying drawings which show, by way of 
example, a preferred embodiment of the present invention and in which: 

15 [0032] Figure 1 shows an isometric view of a fuel cell- stack in 
acconiance with the present invenflon; 

[003^ Figure 2 shows an isometric exploded view of ihe.lUel cell stacK 

of Figure 1. to show individual components thereof, 

[0034] Figures 3 and 4 show, respectively, linont and rear views qf an 
2D anode iaipolar flow field plate of the ftiet cell steicK of Rgures 1 and 2; 

[0035] Figure. 5 shows a plan view on an enlarged scale of a portion of 

Figure 4, showing one supply aperture in greater detail; 

[0036] Figure 6a shows a perspoc^vs view of the supply aperture of 

Rgure 5, in a partial section and showing adjacent elements of the ftiel cell 
25 stacK; 

[0037] Figure 6b shows a perspective view similar to Rgure 6a. but on 

a larger scale; 

[0038] Figures 7 and B show, respectively, front 3nd rear views of a 
cathode bipolar flow field plaie of Hie fuel cell stacK of Figures 1 and 2; 
30 [0039] Figure 9 shows a plan view on an enlarged scale of a portion of 
Rgure 8, showing one supply aperture in greater' detail: 
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[0Q40] Figure 10a shows a perspective view of the supply aperture of 
Figure 9. in partial section and showing adjacent elements of the iiiel cell 
siacK; 

[0041] Figure 1 Db shows a perspective view similar to Figure 1 Da, but 
inalargersrale; 

[Qff4?] Figure 1 1 shows a rear view of an anode end plate; 

I0043J Figure 12 shows a view, on a larger scaje. of a detail' 12 of 

Figure 11; and 

[0044] Figure 13 shows a cross-seciional view along the lines 13 of 
Figure 12. 

[0045] Figure 14 shows a rear view of a cathode end plate; and 
[0046] Figure 15 shows a view, on a larger scale, of a detail 15 of 
Figure 14- • 

D ETAILED DES CRiPTiOM OF THE INVENTION 

[0047] Conventionally, for each pair of grooves of two facing plates in a 
fuel cell, some form of pre-formed gasket will be provided. Now, in 
accordance with an invention disclosed in U.S. Patent Application No. 
10/10g,D02 the various grooves could be connected together by suitable 
conduits to form a continuous groove or channel. Then, a seal material is 
injected through these various grooves, so as to fill the grooves entirely. The 
sealant is then cured, e.g. by subjecting it to a suitable elevated temperature, 
to form a complete seal. Both sealing techniques, or any other suitable 
sealing technique, can be used In a luel stack of the present invention. 
[0048] Refen-Ing fir^t to. Figures 1 and Z. there are shown the basic 
elements of the stacK 100. Thus, the stack 100 Includes an anode endplate 
1Q2 and cathode endplate 104. In known manner, the endplaies 102, 104 are 
provided with connection ports for supply of the necessary fluids. Air 
connection pons are indicated at 106, 107; coolant connection ports are 
indicated at 108, 109; and hydrogen connection pons are indicated at 110, 
111. Although not shown, it will be understood that corresponding coolant 
and hydrogen ports, corresponding to ports 109, 111 would be provided on 
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the anode side of the fuel cell stacK. The various ports lOB-111 ^re 
connected to distnbution channels or duels thai extend through the fuel cell 
"stack, as for the earlier emUodiments. The' ports are"piw?ided iri pair? 
extend all the way through the fuel cell stacH. to enable connection of the fiiel 

5 cell siacK to varipus equipment necessary. This also enables a number of 
fuel ceil stacKs to be connected logether, in l^own manner. 
[0049] Immediately adjacent the anode and cathode endplat^s 102, 
104. there are insulators 1 12 and 114- Immediaiely adjacent the insulators, in 
known manner, there are an anode current co||ecioFn6 and a cathode 

10 current collector 11 8. 

[0050] Between the cun-eni collectors 1 1B, 118. there Is a plurality of 
fuel cells. In this particular embodimeni, there are ten fuel cells. Rgure 2. for 
simplicity, shows just the elBmenis of one fuel cell. Thus, there is shown in 
Figure 2 an anode flow field plate 120. a first .or anode gas diffusion layer or 

15 media 122, a MEA 124, a second or cathode gas diffusion layer 126 and a 
cathode flow field plate 130. 

[0051 J To hold the assembly together, tie rods 131 are provided, which 
are screwed into threaded laores in the anode endplate 102, passing through • 
corresponding pipin pores in the cathode endplate 104. In known manner, 
20 nuts and washers are provided, for tightening the whole assembly and to 
ensure that the various elements of the Individual fuel cells are clamped 
together. 

[0052] Now, the preseni InventKJn is concerned with the seals and the 
method of fomning them. As such, It will be understood that other elements of 

25 the fuel stack assembly can be largely conventional, and these will not be 
described in detail. In particular, materials chosen for the flow field plates, the 
MEA and the gas diffusion layers are the subject of conventional fuel cell 
Technology, and by themselves, do not form part of the present Invention. 
[0053] In the following description, it is also to be understood that the 

30 designations "front" and -rear with respect to the anode and cathode flow 
field plates 120, 130. indicates their orientation with respect to the MEA. 
Thus, li-onr indicates the face towards the MEA; "rear" indicates the face 
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away from the MEA, Consequently, in Figures 7 and 8, .ihe configuration of 
the ports is reversed as compared to Figures 3 and 4. 
[0054] Reference will now be made to Figures 3 to 5. which show 
details of the anode Wpolar plate 120. As shown, the plate 120 is generally 
5 rectangular, tJui can be any geometry, and includes a front or inner face 132 
shown in Figure 3 and a rear or outer face 134 shown in Figure 4. The from 
face 132 provides channels^for the hydnagen, while the rear fiace 134. provides 
a channel arrangement to facilitate cooling. 

[OOSSt] Corresponding to the ports lOB-111 of the whole stack 
10 assemtjiy, the flow field plate 120 has rectangular apertures 136, 1 37 for air 
flow; generally squiare apertures 138, 139 for cooiarit flow; and generally 
. square apertures 140, 141 for hydrogen. These apertures 136-141 are 
aligned with the ports 106-111. Corresponding apertures are proviqed in all 
the flow field plates, so as to define ducts or distribution channels extending 
1 5 through the fiiel ceil stacK in Known mariner. 

[0056] Now. to seal the various elements of the fuel ceil stacK 100 
together, the flow field plates are provided with grooves to form a groove 
network, that, as detailed below, is configured to accept and to define a flow 
of a sealant that forms seal through the fuel cell stack. The elements of this 
20 groove, network on either side of the anode flow field plate 120 will now be 
descnbed. 

[0057] On the front face 132, a front groove networK or r^etworK portion 
is indicated at 142. The groove network 142 has a depth of 0.610 mm and 
the width varies as indicated below. 
25 [0058] The groove netMvofk 142 includes side grooves 143. These side 
grooves 143 have a width of 3.B9 mm. 

[0059] At one end, around the apertures 136. 138 ^nd 140, the groove 
network 142 provides oonesponding rectangular groove ponibns. 
[0060] Ret^ngular groove portion 144, for the air flow 136, includes 
30 outer groove segments 148. which continue into a groove segment 149. all of 
which have a width of 5.08 mm. An inner groove segment 150 has a width of 
3.05 mm. For the aperture 138 for cooling fluid, a rectangular groove 145 has 
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groovB.segments 152 provided around three sides, each again Having a width 
of 5.08 mm. For the aperture 140. a rectangular groove 146 has groove 
segments 154 essentially'corr^ondingVith the groove segments 152 and" 
each again has a width of 5.08 mm. For the groove segment 152. 154, there 
5 are inner groove segments 153, 155, wni«rf» liKe the groove segment 150 have 
a width of 3.05 mm. 

P>061J It is to be noted that, between adjacent pairs of apertures 136, 
138 and 138, 140, there are groove junction portions 158, 159 having a total 
width of 12.7 mm, to provide a smooth transition between adjacent groove 

10 segments. This configuration of the groove junction portion 158, and the 
reduced thickness of the groove segments 150, 153. 155. as compared to th€ 
outer groove segments, is intended to ensure that the material for the sealant 
flows through all the groove segment and fills them uniformly. 
[0062] To provide a connection through the various flow field plates and 

15 the liKe, a connection aperture 160 is provided, which has a width of 3.17 mm, 
rounded ends with a radius of 3.17 mm and an overall length of 8.89 mm. ^ 
shown, in Figure 3. the connection aisenure 160 is dimensioned so as cleady 
intercept the groove segments 152; 154. This configuration is siso found In 
the end plates, insulators and current collection plates, as the connecfion 

20 aperture 160 continues through ta the end plates and the end plates have a 
corresponding groove profile. It is seen in greater detail in Figures 12 and 15. 
and IS described below. 

[0063] The rear seal profile of the anode flow field plate is shown in 
Figure 8. This Includes side grooves 162 with a larger width of 5.08 mm, as 
25 compared to the side grooves on the front face. Around the air aperture 1 36, 
there are groove segments 184 with a uniform width also of 5.08 mm. These 
connect into a first groove junction portion 1 66. 

(0064] For the coolant aperture 138. groove segm^n^ 168, also with a 
width, of 0.200", extend around three sides. As shown, the aperture 138 is 
30 open on the inner side to allow cooling fluid to flow through the channel 
network shown. As indicated, the channel network is such as to promote 
uniform distribution of cooling flow across the rear of the flow field plate. 
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[0DB51 For the fuel or hydrogen aperture 140 there are groove 
segments 170 on three sides. A groove junction portion 172 joins the groove 
segments around the apenures 1 38, 1 40. 

[0066] An innermost groove segment 174. for the aperture 140 is set in 
a greater distance, as compared to the groove segment 155. This enaDles 
flow channels 176 to De provided extending under the groove segment 155. 
Transfer slots 178 are then provided enabling flow of gas from one side of the 
flow field plate to the other. As shown in Figure 3, these slots emerge on the 
front side of the flow field plate, and a channel networK is provided to 
distribute the gas flow evenly across the front side of the plate. The complete 
rectangular groowes around the apertures 13B. 138 gnd 140 in Figure 4 are 
designated 182, 184 and IBB respecBvely. 

(0067] Figures 5 and 6 show details of the flow channels around the 
aperture 140. and Figure 6 additionally shows the complementary effect of the 
anode and cathode flow field plates 120. 130. As detailed below in relation to 
Figures 7-10. the cathode flow field plate provides, on its rear side, projections 
242 separating flow channels 240. These projections 242 complement the 
projections 212, similarly the channels 240 complement the channels 176. As 
the projections 212, 242 do not reach the edge of the aperture 140. the view 
of Figure 6 shows a slot tietween the plates 120, 130 for directing Ivei gas 
through the flow channels 176. 242 to the slots 178. 
[0068] As shown in Figures .3 and 4. the configuration for the apertures 
137, 139 and 141 at the other end of the anode flow field plate 120 
corrosponds. For simplicity and tirevity the description of these channels is 
not repeated. The same reterence numerals are used to denote the various 
groove segments, junction portions and the like, but with a suffix "a" to 
distinguish them, e.g. for the groove portions I44a, I45a and l4Ba. in Rgure 
3. 

[0069] Reference is now being made to Figures 7 to 10. which show 
the configuration of the cathode flow field plate 130. It is first to be noted thai 
the anangement of sealing grooves essentially corresponds lo that for the 
anode flow field plate 120. This is necessary, since the design required the 
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MEA 124 TO be sandwiched between the two flow field plates, with tne seals 
being formed ejractlj^opposte one another- It is "dually preferredjto design 
ihe stacK assembly so that the seals are opposite one another, but this is not 
essential- It is also to be appreciated that the front side seal path (grooves) of 

5 the anode and cathode flow field plates 120, 130 are mirror images of one 
another, as are their rear faces. Accordingly, again for simplicity and brevity, 
the same reference numerals are used in Figures 7 to 10 to denote the 
different groove segments of the seahng channel assembly, but wth an 
apostrophe to indicate their usage on the cathode flow field plate. 

10 100703 Necessanly. for the cathode flow field plate 130. the groove 
pattern on the front face is provided tp give uniform distribution of the oxidant 
flow from the oxidant apertures 13S. 137. On the rear side, of the cathode flow 
field plate transfer slots 180 are provided, providing a connection between the 
apertures 136. 137 for the oxidant and the network channels on the front side 

15 of the plate. Here, five slots are provided for each aperture, as compared to 
four tor the anode flow field plate. In this case, as is common for fuel cells, air 
is used for the oxidant, and as approximately 80% of air comprises nitrogen, a 
greater flow of gas has to be provided, to ensure adequate supply of oxidant. 
[0071 J On the rear of the cathode flow field plate'l 30. no channels are 

20 provided for cooling water flow, and the rear surface is entirely flat Different 
depths are used to compensate for the different lengths of the flow channels 
and different fluids within. However, the depths and widths of the seals will 
peed to be optimized for each stacK design. 

[0072] Figures 9 and 10. liKe Figures 5 and 6, show details of the flow 
25 channels connecting the apertures 136 to the slots 180. There, the 
projections 222 (Figure 4) and 232 also stop short of the edge of the aperture 
136, and hence are not visible in Figure 10. The projections 222 and 232 
abut one another so as to provide support for grooves of the groove network 
for the seal. The flow channels 220, 233. then complement on© another and 
30 provide flow passages between the apertures l36 and the slots 180. but at 
the same time are maintained separated by the MEA. f^rence will now be 
made to Figures 1 1 through 15. which show details of the anode and cathode 
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end plates- Tnese end plates have groove networKS corresponding to those 
of the flow field plates. 

100731 Thus, for the anode end plate 102. there is a groove networK 
190. that corresponds to the groove networK on the front face of the anode 
5 flow field plate 120. Accordingly, similar reference numerals are used to 
designate the different groove segments of the anode and cathode end plates 
102. 104 Shown in detail in Figures 11-13 and 14-15, but identified by the 
suffix "e". As indicated at 192. threaded bores are provided for receiving the 
tie rods 131. 

1 0 100741 Now, in accordance to the present invention, a connection port 
194 is providea. as best shown in Figure 13. The connection port 194 
comprises a threaded outer portion 19B. which is drilled and tapped in Known 
manner. This continues into a short portion 198 of smaller diameter, which in 
turn connects with the connection aperture 160e. However, any fluid 

1 5 connector can be used. 

[WTSl Corresponding to the flow field plates, for the anode end plate 
102, there are two connection pons 194. connecting to the connection 
apertures I60e and iSOae, as best shown in Figures 12 and 13. 
[00761 Coirespondingly. the cathode end plate is shown in detail m 

20 Figures 14 and 15, with Figure 15, as Figure 12, showing connection through 
to the grtjove segments. The groove profile on the inner face of the cathode 
end plate corresponds to the groove profile of the anode flow field plate. As 
detailed below, in use, this an-angement enables a seal material to be 
supplied to fill the various seal grooves and channels. Once the seal has 

25 been formed, then the supply conduits for the seal materia! are removed, and 
closure plugs are inserted, such closure plugs being indicated at 200 in Figure 
2. 

10077] Now, the seals of the present invention can be conventional 
gaskets, or seals formed by injecting liquid silicone aibber material into the 
30 various grooves between the different element of the ftjel stacK. as disclosed 
and Claimed in U.S. patent Application 10/109.002. 
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[0078J in use, the fuel cell stacK iDO is assemWed with the appropilgte 
number of fuel cells and damped togetner using the tie rods 131. The stack 
~«J^ld then contain the elements listed above WFi^ire2Vand it can be noted 
that, compared to conventional fuel cell stacKs. there are. at this stage, no 
seals between any of the elements. However insulating material is present to 
shield the anode and cathode plate? touching the MEA (to prevent shorting) 
and is provided as part of the MEA. This material can be either part of the 
lonomer itself or some suitable material (fluoropolymer. mylar, etc.)- An 
alternative is that the bipolar plate is non-conduCtive in these areas. 
[O079J If any leaKs are detected, the fuel cell will most likely have |o be 
repaired. The fuel cell stacks can have a wide range for the number of fuel 
cells In the siacK. The number of cells can vary from one t» a hundred, or 
conceivably more. Where, individual cells can be robustly sealed and/or seals 
can be readily replaced, this may have advantages. The fuel cells can be 
sealed using a seal in place technique disclosed in co-pending U.S. Patent 
Application No. 10/109.002. 

loom Also, fuel cell stacks with a single iuel cell or only a few fuel ceils 
can be fbrmed and these may require more inter-stack connecuons, but it is 
intended that this witt be more than made up for by the inherent robustness 
and reliability of each individual luel cell stack. The concept can be applied all 
the way down to a single cell unit (identified as a Membrene Electrode Unit or 
MEU) and this would then conceivably allow for stacks of any length to be 
manufactured. 

[OO8I3 This MEU is preferably formed so a number of such MEU's to be 
readily and simply damped together to form a complete fuel cell stack of 
desired capacity. Thus, an MEU would simply have flow field plates, whose 
outer or rear faces are adapted to mate with corresponding faces of other 
MEU's, to provide the necessary funcHonaliiy. Typically, faces of the MEU 
are adapted to Ibrm a coolant chamber of cooling fuel cells. One outer face of 
the MEU can have a seal or gasket preformed with it. The other face could 
then be planar, or could be grooved to receive the preformed seal on the 
other MEU. This outer seal or gasket can be fomea simultaneously with the 
formation of the internal seal, injected-in-place in accordance with U.S. Patent 
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Applicafion No. 10/109.D02. For this purpqse, a mold half can be broughi up 
against tneouterfece of the MEU, and seal material can then be injectsd into 
a seal profile defined between the mold half and that outerface of the MEU; at 
the same time as the seal material is injected into the groove nelwrork within 

5 the MEU Itself. To fonn a complete fuel cell assembly, it Is simply a matter of 
selecting the desired number of MEU's. clamping the MEU's together 
between endplates, with usual additional end components, e,g, insulators, 
cun^eni collectors, etc. The outer faces of the I^EU's and the preformed seals 
will form necessary additional chambers, especially chambers for coolant. 

1 0 which will be connected to appropriate coolant ports and channels within the 
entire assembly. This will enable a wide variety of fuel cell stacKs to be 
configured from a single basic unit, Identified as an MEU. It is noted, the MEU 
could have just a single cell, or could be a very small number of fuel cells, e.g. 
5. In the completed fuel cell stgcK, replacing a failed MEU. is simple. 

15 Reassembly only requires ensuring that proper seals are formed between 
adjacent MEU's and seals within each MEU are not disrupted by this 
piocedure. 

[0082] Referring to Figures 3-6, these show details of the gas flow 
arrangement in accordance with the present invention, for the anode flow field 

20 plate. Firstly, it is lo be noted that at the fnant of the anode flow field plate, 
generally Indicated at 132, all of the apertures 136-141 are closed off from the 
flow channels. To provide flow of hydrogen, fuel gas, the transfer slots 17B 
are provided, extending through to the rear or bacKside of the anode flow field 
plate 120.- As shown in Figures 3, 4, 5 and 6, each of the apertures 140, 141 

25 includes an aperture extension 210 that extends under the inner grooves 
segments 155. 165a. The groove network 142 on the front face includes 
groove portions on sealing surface portion that enclose the apertures 140, 
141, and separate ttiem from a main active area including the slots 178. On 
the rear side, groove portions or sealing surface porfions enclose both the 

30 apertures 140, 141 and the slots 178. Each of these aperture extensions 
includes projections 212, defining flow channels 176. providing 
communication between the respective aperture 140, 141 and the transfer 
slots 178. 
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[0083] Tne numerous groove segments 1 74, for the seal or gasket, are 

, then offset, as best shown in figure 6. i.e. ihsy are not located qirecily 

opposite the groove segments 155, l 55aV The result of this is that on the ^ 
side, the slots 178 are connected by the flow channels 176 to the apertures 
5 140. 141; on the front face, the transfer slots 178 open cjirecily Into flow 
channels 21 B of the active area extending across the front face. 
[0084] As shown, flow channels 218 are provided for coolant on the 
rear face, extending tJetween the apertures 1 38. 1 39. 
[008^ The projertions 21 2 are provided to ensure adequate support for 

10 the portion of the plate 120 forming the grooves segments 155, I55a. As 
defiled Oeidw. cofresponding projectipns 242 are provided on th© rear of the 
cathode flow field plate 130, and all these projections are flush with the 
surface of the respective flow field plates, so that the projections 212, 242 
• abut one another, to support the respective groove segments. 

15 [P0B6] For the apertures 13B, 137 for flow of air or other oxidant, again, 
aperture extensions 220 and 220a are provided. Corresponding to the 
apertures 136. 137 these exter>sions 220 and 22Da extend under the groove 
segments 150. 150a to provide support for them. Rear groove segments 164, 
164a on the rear face of the plate 120 are then offset inwardly. 

20 Corresponding to the projeaions 212, projections 222 are provided, 
complementing the projertions on the cathode flow field plate, as detailed 
below. 

[0087] Referring now to the cathode flow field plate 130, the detailed 
svurture in general corresponds to that of the anode flow field plate 120, 

25 [0088] Thus, aperture extensions 230 are provided for the apertures 
138, 137 of the cathode plate 130. On the front of the cathode flow field plate, 
all of the apertures 136-141 are closed off, and for the apertures 136. 137 
inner groove segments 231 are provided. Transfer slots 180 are provided 
connec^ng the fluid flow channels on the front face indicated at 236 to the 

30 rear face. On the rear face, the aperture radensions 230 include projections 
232 defining flow channels 233, providing communication between the 
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apenure 136, 137 and the transfer slots 180, and supporting the groove 
segments 231. 

[0089J AS for the anode plate, groove segments 234, 234a are offset 
relative to the groove segments 231, 231a. 
5 [»090] The projections 232. 232a complement the projections 222, 
222a of the anode flow field plate, for supporting the membrane. This 
provides two functions. Firstly, as noted, it provides support for each groove 
segment 231 . 

(0091] Flow channels 238 are provided on the rear, in communication 
10 with the ports 138, 139. again for cooling purposes. The flow channel would 
complement that on the rear of the anode flow field plate, for efnciem flow of 
coolant, or could simply tie open wllh no defined channels. 
[009Z] As Figure 8 shows, again to complement the anode flow field 
plate 120, the apertures 140, 141 of the cathode flow field plate 130 are 
15 provided with an aperture extensions 240, 240a including projections 242, 
242a. These projecHons complement the projections 212, 212a. In a liKe 
manner, this anangement provides support for the anode flow field plate. 
[0093] Turing now to Figures 1 1 and 14, these show rear views of the 
anode and cathode end plates 102. 104- As shown, these are provided with 
20 sealed configurations, indicated by groove nelworK 190 in Figure 1 1 and 190' 
in Figure 14. 

[0094] As Shown, on each of the end plates 102, 104, the ports 106, 
107, no and in open into chambers, which are provided with extensions. 
These extensions correspond to the aperture extensions 210, 220, 230, 240 
26 on the anode and cathode flow field plates 120, 130. Ports 108. 109 open 
into a main chamber provided with flow channels for the coolant, again with a 
panem corresponding to the flow pattern on the rear of the anode and 
cathode flow field plates 120, 130 respectively. 

[0Q9^ While the invention is described in relation to proton exchange 
30 membrane (PEM) fijel cell, it is to be appreciated that the invention has 
general applicability to any type of fuel cell. Thus, the Invention could be 
applied to: fuel cells with alkali electrolytes; ftie! cells with phosphoric acia 
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electrolyte-, nigh temperature fuel ceils, e.g. fuel cells with a membrane similar 
to a proton . exchange membrane but adapted to operate at ^"J^^^OO'C; 
electrolysers, regeneraiive fuel cells. 
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FIG-1 
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FIG. 5 
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